Type 1 fimbriae from Erwinia carotovora subsp. carotovora and mannose-resistant fimbriae from Erwinia rhapontici were purified and characterized. The type 1 fimbrillin had an apparent molecular -veight of 16,500; that of the mannose-resistant fimbrillin was 18,000. The amino-terminal amino acid sequences of the two fimbrillins were related, but tryptic peptide maps showed significant differences between the proteins. No serological cross-reaction was found between the two fimbrial filaments, nor did they cross-react with type 1 or type 3 fimbriae purified from other enterobacterial species. Immunofluorescent staining of bacterial populations revealed that they were heterogeneous with respect to fimbriation.
The genus Erwinia consists of species which cause soft rots and other diseases in plants. Interest in the virulence properties of Erwinia species has largely focused on pectolytic enzymes (5, 20) , whereas information on surface structures of Erwinia species is limited (2, 21, 23) . Recent studies on Klebsiella-grass interactions (4, 11) and on Pseudomonas syringae-bean interactions (22) have demonstrated the importance of fimbriae, or pili, in both associative and pathogenic bacterium-plant interactions. As a first step in analysis of the role of bacterial adhesion in the phytopathogenicity of Erwinia species, we purified and characterized the two fimbrial types known to occur in Erwinia species (2) .
Type 1 fimbriae from Erwinia carotovora subsp. carotovora 312 and mannose-resistant (MR) fimbriae from Erwinia rhapontici 139 (2) were purified by the deoxycholate-urea method from bacterial cells cultured in static Luria broth (8) . Electron microscopy of negatively stained (8) fimbrial preparations showed that both proteins had a typical fimbrial morphology; i.e., they were 0.5-to 2.0-,um-long filaments with a diameter of about 7 nm (data not shown). The purified proteins migrated as single bands in sodium dodecyl sulfate-polyacrylamide gel electrophoresis (12, 13) , with apparent molecular weights of 18,000 for the MR fimbrillin and 16,500 for the type 1 fimbrillin (Fig. 1) . When tested at a concentration of 100 pLg/ml (6) , the purified fimbriae from strain 312 caused a mannose-reversible agglutination of yeast cells but did not agglutinate human blood group 0 erythrocytes. The purified fimbriae from strain 139, however, agglutinated human erythrocytes in an MR manner but did not react with yeast cells.
For N-terminal amino acid sequencing, 400 jig of purified fimbriae was degraded in a Beckman 890D liquid-phase sequencer with the 0.1 M Quadrol program and Polybrene (25) . After conversion for 30 min at 55°C in 90 jxl of 25% (wt/vol) trifluoroacetic acid, phenylthiohydantoin amino acids were analyzed by high-performance liquid chromatography in a Varian 5020 chromatograph. Separation was on a * Corresponding author. Spherisorb S5 ODS2 column (4.6 by 250 mm) with a gradient of acetonitrile in 40 mM sodium acetate, pH 4.8 (26). The primary structures, obtained after degradation for 25 cycles, showed significant homology (Fig. 2) . Nine of the 24 residues identified were the same in both proteins, and differences in 10 of the remaining 15 residues can be accounted for by one-base mutations (14) . Overall, the N-terminal sequences of the two proteins were similar to those found on other enterobacterial fimbrillins (9) .
For tryptic peptide mapping, 400 ,ug of the fimbriae was denaturated at low pH (13) (Fig. 3 ). Rabbits were immunized with the purified Erwinia fimbriae (8) , which were tested (11) for serological crossreactivity with other enterobacterial fimbriae by an enzymelinked immunosorbent assay. Purified type 1 fimbriae from Klebsiella pneumoniae 55/1 (4), Salmonella typhimurium SH6749 (7), Escherichia coli KS71 (19) agglomerans strain Am (4) and type 3 fimbriae from Klebsiella terrigena 69/1 (10), as well as hyperimmune sera against them, were available from previous work. The two kinds of Erwinia fimbriae did not show any cross-reaction with each other, nor did they or their hyperimmune sera react significantly with any of the other fimbriae or antisera ( Table 1) . As reported previously (4, 7, 10, 11), only low, if any, immunological cross-reactions were found among the type 1 fimbriae from different enterobacterial species (Table  1) .
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Cross-reactions were not observed by immunofluorescent staining of the two Erwinia strains with either antifimbria serum (data not shown). Immunostaining of 48-h cultures, passaged thrice, was done as described previously (17) , and the percentage of fimbriated cells in the bacterial populations was determined (16) . In a culture of strain 139, 68% of the cells were stained by the anti-139-fimbria serum, and 60% of the cells in a culture of strain 312 were stained by the anti-312-fimbria serum. This observation indicates that Erwinia populations were heterogeneous with respect to fimbriation, most likely due to fimbrial phase variation similar to that in E. coli (1, 16, 17) .
The two kinds of Erwinia fimbriae characterized here differed from each other, as well as from other enterobacterial fimbriae, in the apparent molecular weights of their subunits ( Fig. 1 ) and in serological properties (Table 1) . Practically no homology was found in the tryptic peptide maps obtained from the two fimbrillins (Fig. 3) . This may also explain the serological differences. In general, identical or homologic tryptic maps require extremely high conservation of the primary structure positions containing arginine or lysine as well as homologic distribution of hydrophobicity along the primary structure. In spite of the primary structure differences suggested by the tryptic maps, the N-terminal amino acid sequencies of the two fimbrillins were related (Fig. 2) and strongly resembled those of other enterobacterial fimbrillins (9) . In E. coli, the actual binding protein in fimbrial filaments appears to be a minor component that is encoded by a separate gene (15) but is physically associated with its own fimbrial filament (18) . Given the conserved antigenic properties of type 1 fimbriae within an enterobacterial species (3), lack of serological cross-reactivity between fimbriae of different enterobacterial species (Table 1) is actually surprising. It remains to be documented whether this is related to the proposed microheterogeneity in binding specificities of the type 1 fimbriae of members of the family Enterobacteriaceae (24) . The fimbria-specific antibodies described here will be useful tools in analyzing the function and expression of fimbriae during Erwinia infection in host plants.
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